The Mean Dynamic Topography (MDT) of the ocean provides valuable information about the ocean's surface currents. Therefore the MDT is computed from satellite observations and then assimilated into ocean models in order to improve the ocean circulation estimates. However, the computation of the MDT from satellite observations of sea surface height and the Earth's gravity field is not straightforward and requires additional filtering of the data combination. The choice of the filter is crucial as it determines the amount of small-scale noise in the data and the resolution of the final MDT. There exist various approaches for the determination of an "optimal" filter. However, they all have in common the more or less subjective choice of the filter type and filter width. Here, a new filter is presented that is determined directly from the geodetic normal equations. By its construction, this filter accurately accounts for the correlations within the MDT data and requires no subjective choice about the filter radius. The new filtered MDT is assimilated into an inverse ocean model. Modifications in the meridional overturning circulation and in the poleward heat transports can be observed, compared to the result Preprint submitted to Elsevier August 28, 2013 of the assimilation using the unfiltered MDT.
Introduction 1
The Mean Dynamic Topography (MDT) of the ocean is the difference 2 between the Mean Sea Surface height and the geoid height, the geoid being filtering. An anisotropic filter is also used in Bingham et al. (2011) 
with the "observed" MDT η d from satellite data and their modeled counter-71 parts η m . The scalar factor α is derived from the Minimum Penalty Variance
72
(MPV) approach (Freiwald, 2012) and is required for additional scaling.
73
The cost function (1) is minimized iteratively, starting from a first guess 74 which is an earlier IFEOM solution described in Richter (2010) . This first 75 guess was computed using only the hydrographic data (temperature and The inverse MDT error covariance matrix C −1 (section 2.1) is used to 82 construct the filter in order to account for the correlations in the MDT data.
83
In a first step, the matrix square root of C −1 is computed. This is possi- 
For the computation of this decomposition, it has to be guaranteed that 
Comparison to simple moving average filters 105
In order to illustrate the advantage of this covariance-dependent filtering cases. In contrast, the proposed filter S does not require any subjective 117 decisions.
118
The difference between the unfiltered and the filtered MDT, the filter 
125
In case the MDT data is filtered by a simple moving average filter, it is
126 not clear what the appropriate weighting matrix is in the subsequent ocean 127 model assimilation. In contrast, using the filter S leads to a well-defined 128 weighting matrix. Its derivation is described in the following. 
Assimilation into IFEOM

130
The MDT estimate described in section 2.1 was designed for the use in the 131 inverse ocean model IFEOM. Therefore, it is now investigated how the result 132 of the ocean model changes when the filtered MDT data are assimilated.
133
For this purpose, the appropriate weighting matrix for the filtered MDT 
136
The geodetic observation equations are constructed as
with a system matrix A that connects the MDT data η d with the observations 
Finally, the normal equation
is solved for η d and the matrix C −1 is used as weighting matrix in the 144 subsequent ocean model assimilation.
145
Now the procedure is repeated with the same observations. The only 146 difference is an identity matrix I = S −1 S that is introduced into the obser-147 vation equations:
The Generalized Least Squares approach is applied again, now considering
149
Sη d as the data and AS −1 as the system matrix:
It follows from the definition of the filter S in equation (3) that the inverse 151 error covariance matrix C −1 can be decomposed into
(This is not equal to an eigenvalue decomposition or to a singular value
Inserting this into equation (10) results in:
This system could theoretically be solved for the filtered MDT Sη d . However,
156
Sη d is already known, and equation (12) 
Note that in equation (13), the filter S is applied only to the MDT obser- with the previous estimates.
172
From the IFEOM results, also poleward heat transports can be computed. for the MDT data set at least provide a possible range of solutions.
188
It is important to notice that the decreased AMOC and the decreased can be used as a filter for the MDT data.
218
The filtered MDT data set Sη d was assimilated into the ocean model The MDT estimate used for this study was developed within the project 
